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Cardiovascular disease (CVD) represents a leading cause of mortality and morbidity especially among the
elder people, and therefore the need of effective preventive strategies is imperative. Despite limited data
among the elderly people, the majority of published studies have demonstrated that physically active
elderly people have lower rates of CVD. In this article, we provide an overview of the epidemiology
studies that investigate this association and analyze the relevant underlying biological mechanisms. We
also discuss the types and amounts of physical activity recommended for the primary prevention of CVD
in older adults.
Copyright  2013, Taiwan Society of Geriatric Emergency & Critical Care Medicine. Published by Elsevier
Taiwan LLC. All rights reserved.1. Introduction
Coronary artery disease (CAD) and stroke are two major mani-
festations of cardiovascular disease (CVD), which are the most
important causes of mortality and morbidity worldwide. CAD and
stroke involve overlapping atherosclerotic mechanisms and share
the same risk factors. According to World Health Organization es-
timates, CAD and stroke are the two leading causes of death
worldwide, accounting for over 20% of all death, and the leading
causes of overall disease burden1.
Studies have demonstrated that the reduction of cardiovascular
risk factors may contribute to reducing the morbidity and the
mortality of CVD and reducing the burden of CVD. Physical activity,
a promising modiﬁer of the risk factors of CVD, has been exten-
sively investigated. Physical activity is deﬁned as any bodily
movement produced by the contraction of skeletal muscles, which
results in energy consumption beyond resting expenditure2.
Physical activity can be described as an activity performed during
exercise and recreation at leisure, physical activity-associatedwork,terest.
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).
iwan Society of Geriatric Emergentransportation, and housework3. Exercise is deﬁned as planned,
structured, and repetitive physical activity that aims to improve or
maintain physical ﬁtness. Physical activity is usually measured by
objectiveor subjectiveassessment, which may yield a semi-
quantitative or quantitative estimate of the energy consumption
associated with the performance of physical activity4.
The aim of this review is to address the relationship of exercise
and physical activity to the risk of CVD and its possible mechanism
of beneﬁt, and discuss the types and amount of physical activity
recommended for the primary prevention of CVD in older adults.2. Pathophysiological mechanisms
Although many epidemiological studies have shown that regu-
lar exercise or physical activity can reduce the risk of CVD, details
on themechanism remain largely unknown. The protective effect of
physical activity on cardiovascular risk might be explained by the
deceleration of the atherosclerotic process, including amelioration
of endothelial dysfunction, and decreased systematic inﬂammation
and thrombosis that accompanies physical activity. In addition, the
favorable effect of physical activity may be mediated by controlling
various known risk factors, such as hypertension, diabetes, and
obesity. Fig. 1 summarizes the potential mechanisms by which
physical activity helps in reducing the risk of CVD.cy & Critical Care Medicine. Published by Elsevier Taiwan LLC. All rights reserved.
Fig. 1. Potential mechanisms of physical activity that help in reducing the risk of cardiovascular disease.
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Endothelial dysfunction (ED), mainly characterized by a reduc-
tion of nitric oxide (NO) bioavailability, is the initial event in the
development of atherosclerosis. Physical activity or exercise
training can change the velocity and increase the shear stress on
the vascular endothelial cells, which promotes endothelial nitric
oxide synthase expression and reduces nitric oxide scavenging5,
thus enhancing the nitric oxide mediated vasodilation and vaso-
motor function6e8.
2.2. Thrombosis
Thrombosis and vessel clotting are important factors in the end-
stage progression of atherosclerosis. Moreover, thrombosis plays a
signiﬁcant role in the pathogenesis of acute myocardial infarction,
unstable angina, ischemic stroke, and sudden cardiac death. Phys-
ical activity can play an antithrombotic role through reducing blood
coagulation and enhancing ﬁbrinolytic activity9. Physical activity is
associated with a reduction in several haemostatic markers,
including ﬁbrinogen, blood viscosity, plasminogen activator
inhibitor-1, and blood coagulation factors10.
2.3. Systemic inﬂammation
Chronic systemic inﬂammation, as evidenced by the increased
concentration of proinﬂammatory markers such as C-reactive
protein (CRP), and interleukin-6 (IL-6), has been postulated to be
associated with cardiovascular risk11. Many cross-sectional studies
have documented an inverse relationship between levels of chronicexercise and systemic levels of inﬂammatory markers12,13. Studies
have shown that exercise training can reduce plasma levels of CRP,
IL-6, and other inﬂammatory cytokines14.
2.4. Lipid parameters
The atherogenic lipid proﬁle, consisting of high levels of tri-
glyceride, low levels of high-density lipoprotein (HDL)-cholesterol,
and high levels of low-density lipoprotein (LDL)-cholesterol, in
particular small and dense LDL particles, have been shown to pre-
dict cardiovascular and related events. The evidence of the bene-
ﬁcial lipid changes due to chronic physical activity is strongest for
HDL and triglyceride15. Ameta-analysis of 52 exercise training trials
demonstrated an average increase in HDL levels of 4.6% and a
decrease in triglyceride levels by 3.7%16. Although recent data
indicated no change in serum LDL concentrations with regular
exercise, there is evidence of increased mean LDL particle size with
exercise and therefore a decrease in cardiovascular risk17.
2.5. Diabetes
It is nowwell accepted that diabetes is a major independent risk
factor for CVD. Physical activity might reduce the incidence of
diabetes by reducing insulin resistance and glucose intolerance18.
Observationalepidemiological studies indicated that physical ac-
tivity was associated with a decreased risk of type 2 diabetes19,20.
Several trials demonstrated that exercise training or physical ac-
tivity intervention could greatly reduce the risk of developing
diabetes. A meta-analysis summarized the data from 14 studies of
physical activity interventions lasting 8 weeks or more and found
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signiﬁcantly lower in the physical activity groups than those in the
control groups (7.65% vs. 8.31%, respectively)21. The Diabetes Pre-
vention Program Research Group Study demonstrated strong evi-
dence that physical activity and diet control can have an effect on
preventing the onset of type II diabetes in individuals at high risk
for this disease22.
2.6. Hypertension
Physical activity can reduce blood pressure and the incidence of
hypertension by decreasing vascular resistance and suppressing
the activity of the sympathetic nervous system and the rennin-
angiotensin system. Folsom et al studied the association between
leisure-time physical activity and hypertension in 41,837 women in
the age group of 55e69 years. They found the incidence of hyper-
tension was reduced by 10% and 30%, respectively, in participants
with moderate and higher levels of physical activity, compared to
those with low levels of physical activity23. A meta-analysis of 44
randomized trials studied the effect of exercise training on resting
blood pressure. The average reduction in systolic and diastolic
blood pressure was 3.4 mmHg and 2.4 mmHg, respectively24.
2.7. Obesity
Physical activity can enhance energy expenditure to achieve a
negative energy balance and improved weight control. Those per-
sons undertaking moderate-level physical activity for 150e200
minutes/week (equivalent to 1200e2000 kcal/week) are capable of
maintaining an ideal body weight. If weight loss is required, the
moderate-level physical activity should exceed 250 minutes/week.
There is a dose-dependent relationship between the amount of
physical activity and the weight loss effect, which means the
greater theweekly accumulation of physical activity, the greater the
weight loss25,26.
3. Clinical outcomes
3.1. Physical activity and the risk of CAD
Over the past few decades, many epidemiologic studies per-
formed with several different and large populations have found a
clear protective effect of physical activity on CAD. A systematic re-
view summarized the ﬁndings from 30 prospective cohort studies
on the association betweenphysical activity and the risk of CAD. The
expert panel concluded that compared with the least active par-
ticipants, the most active men and women had risk reductions of
30e35% for incident CAD27. When interpreting the inverse re-
lationships between physical activity and the risk of CAD, one must
consider the possibility that unmeasured or unknown third factors
may inﬂuence the selection of study participants and account for
the association, and the possibility that an imperfect measurement
of the level of physical activity or disease status could inﬂuence the
results. However, the overall ﬁndings from these studies, which
were conducted in many countries throughout the world, showed
consistent inverse associations between physical activity and the
risk of CAD. In addition, many plausible biological mechanisms
might account for this association. Most of these observational
studieswere of a prospective longitudinal nature, and the follow-up
duration was adequate, which might prevent and dilute any po-
tential bias. Although, the protective role of physical activity on the
risk of CAD is well established, the exact shape of the dose-response
curve between physical activity and the risk of CAD is uncertain. A
recent meta-analysis of data from 33 studies found that compared
to those reporting no physical activity, individuals who engaged inthe equivalent of 150 minutes/week of moderate-intensity physical
activity had a 14% lower CAD risk, and those engaged in the equiv-
alent of 300 minutes/week of moderate-intensity physical activity
had a 20% lower CAD risk28. In summary, there is substantial evi-
dence to indicate that physically active individuals have a lower risk
of CAD, and it is also clear that increasing amounts physical activity
are associated with additional risk reduction.
3.2. Physical activity and the risk of stroke
Plausible biological pathways support the beneﬁts of physical
activity in reducing the risk of stroke, both ischemic and hemor-
rhagic. The potential effects on the risk of ischemic stroke disease
may be mediated through mechanisms that decelerate athero-
sclerotic progression, and the potential effects on the risk of hem-
orrhagic stroke disease may be mediated through reduced blood
pressure and other related risk factors. However, the ﬁndings from
prospective studies on the association between physical activity
and the risk of stroke are inconsistent, with some studies reporting
U-shaped associations or no association29,30. The inconsistency
might be due to the differences in study design, population, and the
deﬁnition and measurement of physical activity between studies.
A meta-analysis by Lee et al examined 23 studies and reported
that compared with sedentary individuals, the risk of stroke was
signiﬁcantly reduced, between 20% and 27%, in individuals with a
moderate or high level of physical activity31. Further evidence in
support of a beneﬁcial effect of physical activity on stroke risk can
be found in a meta-analysis of 13 cohort studies that investigated
the effects of physical activity on stroke risk and the related
outcome. The meta-analysis found that a high level of physical
activity was associated with a 19% reduction in the risk of stroke-
related outcome and a moderate level of physical activity with an
11% reduction, compared with a lower level of physical activity32.
Taking into consideration recent epidemiological data that favor
an association between physical activity and the risk of CAD, the
beneﬁcial effects of exercise on stroke risk reduction seem likely.
However, deﬁnitive controlled trials are justiﬁed to establish the
intensity and frequency of the physical activity required to achieve
cardiovascular beneﬁts.
3.3. Physical activity and the risk of CVD among older adults
The evidence on the relationship between physical activity and
the risk of CAD as a whole has been derived from studies targeting
the middle-aged and elderly combined. Studies that have investi-
gated physical activity exclusively in the elderly remain fairly
sparse, with hardly any data available for individuals aged 80 years
and older. Among 2678 elderly men aged 71e93 years studied for
four years in the Honolulu Heart Program, those who walked 1.5
miles/day had a predicted 50% reduction in the risk of CAD
compared to those who walked fewer than 0.25 mile/day33. In the
10-year Zutphen Elderly Study, men aged 64e84 years who walked
or cycled at least three times per week for 20 minutes experienced
a 31% reduction in CAD mortality compared to their less active
counterparts34. The Northern Manhattan Stroke study, including
1047 participants (mean age, 69.9 years), found that physical ac-
tivity was signiﬁcantly protective against ischemic stroke35. Thus,
these data suggest that higher levels of physical activity are related
to lower rates of CVD among people older than age 60 years.
3.4. Physical activity recommendations for older adults
There is strong scientiﬁc evidence that regular physical activity
reduces the risk of CVD and other chronic illnesses in older adults.
The current recommendations from the American Heart
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adults is as follows: physical activity should be primarily aerobic,
supplemented by strengthening activity, ﬂexibility, and balance
exercise. The intensity of physical activity should be moderate or
vigorous intensity. The so-called moderate-intensity aerobic phys-
ical activity involved a moderate level of an effort relative to an
individual’s aerobic ﬁtness. On a 10-point scale, where sitting is
0 points and all-out effort is 10 points, moderate-intensity activity
is 5 points or 6 points and produces noticeable increases in heart
rate and breathing. On the same scale, vigorous-intensity activity is
7 points or 8 points and produces large increases in both heart rate
and breathing. The duration of physical activity should consist of a
minimum 30minutes onmost, preferably on all days of theweek36.
Frail elders and those restricted because of disease activity can also
gain health beneﬁts when moving from an “inactive” status to
performing “some activities.” Physical activity should be tailored to
meet an individual’s needs and ability, which is especially for frail
and older adults. Training programs must emphasize safety, and a
priority strategy should be implemented to increase daily activities
and to develop a more active lifestyle. Such an activity should
integrate daily walking or other activities as they become tolerated.
Thus, except where such advice is contraindicated, older adults
should be encouraged to be physically active37.
4. Conclusion
CVD is an important cause of death and disability worldwide.
The outcome of a patient with a treated CVD will never be as good
as that of someone in whom a CVD was prevented. Many clinical
trials have proved that physical activity or exercise training can
improve traditional cardiovascular risk factors by slowing down the
process of atherosclerosis. The results of most epidemiological
studies are consistent: regardless of gender and age, regular and
appropriate physical activity can prevent the occurrence of CVD.
Given the breadth and strength of the evidences, physical activity
should be one of the highest priorities for preventing the risk of
CVD in older adults. Effective interventions to promote physical
activity in older adults may have great impact on cardiovascular
health. Future studies on older populations, especially those older
than 80 years old, to develop information on the minimal and
optimal amounts of physical activity are needed. Additional studies
are also needed to investigate the effect of different domains of
physical activity, such as work, leisure, or domestic activity.
References
1. Smith Jr SC. Reducing the global burden of ischemic heart disease and stroke: a
challenge for the cardiovascular community and the United Nations. Circula-
tion. 2011;124:278e279.
2. Caspersen CJ, Powell KE, Christenson GM. Physical activity, exercise, and
physical ﬁtness: deﬁnitions and distinctions for health-related research. Public
Health Rep. 1985;100:126e131.
3. Warren JM, EkelundU, BessonH, et al. Assessment of physical activitye a review
of methodologies with reference to epidemiological research: a report of the
exercise physiology section of the European Association of Cardiovascular Pre-
vention and Rehabilitation. Eur J Cardiovasc Prev Rehabil. 2010;17:127e139.
4. Haskell WL, Kiernan M. Methodologic issues in measuring physical activity and
physical ﬁtness when evaluating the role of dietary supplements for physically
active people. Am J Clin Nutr. 2000;72(suppl 2):541Se550S.
5. Fukai T, Siegfried MR, Ushio-Fukai M, et al. Regulation of the vascular extra-
cellular superoxide dismutase by nitric oxide and exercise training. J Clin Invest.
2000;105:1631e1639.
6. Yung LM, Laher I, Yao X, et al. Exercise, vascular wall and cardiovascular dis-
eases: an update (part 2). Sports Med. 2009;39:45e63.
7. Hsieh S-F, Hu G-C, Chuang Y-C, et al. The effects and safety of exercise training
in subjects with chronic heart failureddo elder subjects gain similar beneﬁts?
Int J Gerontol. 2010;4:165e170.8. Huang Y-T, Wang C-H, Wu Y-F. Adhering to a Tai Chi Chuan exercise program
improvesvascular resistanceandcardiac function. Int JGerontol. 2011;5:150e154.
9. Linke A, Erbs S, Hambrecht R. Exercise and the coronary circulation-alterations
and adaptations in coronary artery disease. Prog Cardiovasc Dis. 2006;48:270e
284.
10. Wannamethee SG, Shaper AG. Physical activity in the prevention of cardio-
vascular disease: an epidemiological perspective. Sports Med. 2001;31:101e
114.
11. Yeh ET, Willerson JT. Coming of age of c-reactive protein: using inﬂammation
markers in cardiology. Circulation. 2003;107:370e371.
12. Church TS, Barlow CE, Earnest CP, et al. Associations between cardiorespiratory
ﬁtness and c-reactive protein in men. Arterioscler Thromb Vasc Biol. 2002;22:
1869e1876.
13. Aronson D, Sella R, Sheikh-Ahmad M, et al. The association between cardio-
respiratory ﬁtness and c-reactive protein in subjects with the metabolic syn-
drome. J Am Coll Cardiol. 2004;44:2003e2007.
14. Nicklas BJ, Hsu FC, Brinkley TJ, et al. Exercise training and plasma c-reactive
protein and interleukin-6 in elderly people. J Am Geriatr Soc. 2008;56:2045e
2052.
15. Lu W-A, Kuo C-D. Effect of 3-month Tai Chi Chuan on heart rate variability,
blood lipid and cytokine proﬁles in middle-aged and elderly individuals. Int J
Gerontol. 2012;6:267e272.
16. Carroll S, Dudﬁeld M. What is the relationship between exercise and metabolic
abnormalities? A review of the metabolic syndrome. Sports Med. 2004;34:371e
418.
17. Halle M, Berg A, Konig D, et al. Differences in the concentration and compo-
sition of low-density lipoprotein subfraction particles between sedentary and
trained hypercholesterolemic men. Metabolism. 1997;46:186e191.
18. Shepherd PR, Kahn BB. Glucose transporters and insulin action-implications for
insulin resistance and diabetes mellitus. N Engl J Med. 1999;341:248e257.
19. Manson JE, Nathan DM, Krolewski AS, et al. A prospective study of exercise and
incidence of diabetes among us male physicians. JAMA. 1992;268:63e67.
20. Helmrich SP, Ragland DR, Leung RW, et al. Physical activity and reduced
occurrence of non-insulin-dependent diabetes mellitus. N Engl J Med.
1991;325:147e152.
21. Thompson PD, Crouse SF, Goodpaster B, et al. The acute versus the chronic
response to exercise. Med Sci Sports Exerc. 2001;33(suppl 6):S438eS445. dis-
cussion S52eS53.
22. Knowler WC, Barrett-Connor E, Fowler SE, et al. Reduction in the incidence of
type 2 diabetes with lifestyle intervention or metformin. N Engl J Med.
2002;346:393e403.
23. Pereira MA, Folsom AR, McGovern PG, et al. Physical activity and incident
hypertension in black and white adults: the atherosclerosis risk in commu-
nities study. Prev Med. 1999;28:304e312.
24. Fagard RH. Exercise characteristics and the blood pressure response to dy-
namic physical training. Med Sci Sports Exerc. 2001;33(suppl 6):S484eS492.
discussion S93eS94.
25. LaMonte MJ, Blair SN. Physical activity, cardiorespiratory ﬁtness, and adiposity:
contributions to disease risk. Curr Opin Clin Nutr Metab Care. 2006;9:540e546.
26. Katzmarzyk PT, Janssen I, Ardern CI. Physical inactivity, excess adiposity and
premature mortality. Obes Rev. 2003;4:257e290.
27. Soﬁ F, Capalbo A, Marcucci R, et al. Leisure time but not occupational physical
activity signiﬁcantly affects cardiovascular risk factors in an adult population.
Eur J Clin Invest. 2007;37:947e953.
28. Sattelmair J, Pertman J, Ding EL, et al. Dose response between physical activity
and risk of coronary heart disease: a meta-analysis. Circulation. 2011;124:789e
795.
29. Lee IM, Paffenbarger Jr RS. Physical activity and stroke incidence: the harvard
alumni health study. Stroke. 1998;29:2049e2054.
30. Evenson KR, Rosamond WD, Cai J, et al. Physical activity and ischemic stroke
risk. The atherosclerosis risk in communities study. Stroke. 1999;30:1333e
1339.
31. Lee CD, Folsom AR, Blair SN. Physical activity and stroke risk: a meta-analysis.
Stroke. 2003;34:2475e2481.
32. Diep L, Kwagyan J, Kurantsin-Mills J, et al. Association of physical activity level
and stroke outcomes in men and women: a meta-analysis. J Womens Health
(Larchmt). 2010;19:1815e1822.
33. Hakim AA, Curb JD, Petrovitch H, et al. Effects of walking on coronary heart
disease in elderly men: the Honolulu Heart Program. Circulation. 1999;100:9e
13.
34. Bijnen FC, Caspersen CJ, Feskens EJ, et al. Physical activity and 10-year mor-
tality from cardiovascular diseases and all causes: the Zutphen Elderly Study.
Arch Intern Med. 1998;158:1499e1505.
35. Sacco RL, Gan R, Boden-Albala B, et al. Leisure-time physical activity and
ischemic stroke risk: the Northern Manhattan Stroke Study. Stroke. 1998;29:
380e387.
36. Nelson ME, Rejeski WJ, Blair SN, et al. Physical activity and public health in
older adults: recommendation from the American College of Sports Medicine
and the American Heart Association. Circulation. 2007;116:1094e1105.
37. Soyuer F, S¸enol V. Fatigue and physical activity levels of 65 and over older
people living in rest home. Int J Gerontol. 2011;5:13e16.
